The transcriptional status of a gene can be maintained through multiple rounds of cell division during development. This epigenetic effect is believed to reflect heritable changes in chromatin folding and histone modifications or variants at target genes, but little is known about how these chromatin features are inherited through cell division. A particular challenge for maintaining transcription states is DNA replication, which disrupts or dilutes chromatinassociated proteins and histone modifications. PRC1-class Polycomb group protein complexes are essential for development and are thought to heritably silence transcription by altering chromatin folding and histone modifications. It is not known whether these complexes and their effects are maintained during DNA replication or subsequently re-established. We find that when PRC1-class Polycomb complex-bound chromatin or DNA is replicated in vitro, Polycomb complexes remain bound to replicated templates. Retention of Polycomb proteins through DNA replication may contribute to maintenance of transcriptional silencing through cell division.
INTRODUCTION
The hypothesis that chromatin structure is the basis for many epigenetic phenomena implies that it can be propagated through cell division. Transfer of chromatin-based gene regulatory information through DNA replication would require that specific chromatin features (chromatin folding, chromatin-associated proteins, histone variants, and histone modifications) are inherited or recreated with fidelity (Ng and Gurdon, 2008; Nightingale et al., 2006) . Pioneering in vitro studies demonstrated that histones remain associated with DNA through replication, even in the absence of cellular factors (Bonne-Andrea et al., 1990; reviewed in Annunziato, 2005) . In vivo, parental histones and at least some histone modifications are inherited by daughter chromatin during DNA replication, although the mechanistic details of this process are not known (Annunziato, 2005; Benson et al., 2006) . Extensive data demonstrating that regulatory proteins, including histone-modifying complexes themselves, can recognize specific histone modifications have led to a model for propagation of gene regulatory information through cell division. In this model, modified histones are transferred from parent to daughter DNA, where they recruit enzyme complexes that propagate the same modifications to newly added histones (Dodd et al., 2007; Ng and Gurdon, 2008; Nightingale et al., 2006) . However, there is no direct evidence yet for this model in the context of DNA replication, and the fate of most nonhistone chromatin-associated epigenetic factors during DNA replication has not been determined.
Drosophila Polycomb group (PcG) proteins maintain transcriptional silencing and are believed to act through epigenetic mechanisms (Grimaud et al., 2006) . The best understood PcG target genes are the homeotic (Hox) genes, which control segmental identities during development. Transcriptional repression of Hox genes in specific segments early in development is initially established by transiently expressed transcription factors but is subsequently maintained by PcG proteins. The pattern of Hox gene repression is stable through multiple rounds of cell division despite the decay of the early-acting transcription factors Simon and Tamkun, 2002) .
Recent work in Drosophila and mammals implicates PcG proteins in biological functions beyond stable regulation of Hox genes. Genome-wide studies of PcG protein binding have identified many new target genes and implicated PcG proteins in a wide range of developmental processes (reviewed in Pietersen and van Lohuizen, 2008; Ringrose, 2007; Schwartz and Pirrotta, 2008) (Kwong et al., 2008) . Mechanistically, these studies indicate that PcG regulation can be dynamic according to cell type and differentiation stage. PcG proteins also direct a range of gene expression levels not restricted to silencing. Early studies of Polycomb response elements (PREs), the DNA recognition elements that target PcG proteins in Drosophila, indicated that PcG proteins maintain silencing established early in development but do not silence genes that are active early in development (Poux et al., 2001; . These data suggest that the PcG system can recognize the transcriptional status of a gene. Consistent with this, more recent studies suggest that PcG proteins can be targeted to genes that are poised for activation and that PcG proteins play a central role in ES cell pluripotency and differentiation by maintaining this potentiated state (Kwong et al., 2008; Pietersen and van Lohuizen, 2008) .
Biochemical studies suggest that PcG proteins function in multiprotein complexes. Polycomb repressive complex 1 (PRC1) includes four core PcG subunits: polyhomeotic (Ph), posterior sex combs (PSC), dRING, and Polycomb (Pc) (Francis et al., 2001; Lavigne et al., 2004; Levine et al., 2002; Saurin et al., 2001; Shao et al., 1999) . A reconstituted complex of these four proteins or three of the four can alter chromatin and DNA structure, inhibit chromatin remodeling, and inhibit transcription of both naked DNA and chromatin (Francis et al., 2001 King et al., 2002; Mohd-Sarip et al., 2006; Shao et al., 1999) . Components of PRC1 can also function as an E3 ligase for histone H2A ubiquitylation (Cao et al., 2005; de Napoles et al., 2004; Elderkin et al., 2007; Wang et al., 2004a) probably in the context of a distinct complex (Lagarou et al., 2008) . All of these activities correlate with silencing in vivo (Cao et al., 2005; Cao and Zhang, 2004; Grimaud et al., 2006; King et al., 2005; Lagarou et al., 2008; Wang et al., 2004a) .
A second PcG complex, PRC2, whose components are also essential for gene silencing, can methylate histone H3 on lysine 27 (H3K27me). A component of PRC1, Pc, can recognize H3K27me3 via its chromodomain (Fischle et al., 2003; Min et al., 2003) . It is hypothesized that PRC2 is recruited to PREs, where it methylates surrounding nucleosomes; methylation of H3K27 leads to recruitment of PRC1 and silencing (Cao and Zhang, 2004; Wang et al., 2004b) . Similarly, if H3K27me3 is transferred to daughter DNA during replication, it could recruit PRC1-class complexes if they are disrupted by passage of the DNA replication fork. This model is supported by the presence of high levels of H3K27me3 around PREs and the loss of binding of Pc at PREs when expression or function of E(Z), the catalytic subunit of PRC2, is reduced (Cao and Zhang, 2004; Wang et al., 2004b) . Recent work in mammalian cells indicates that PRC2 may also recognize H3K27me3, suggesting a mechanism for propagation of the methylation mark (Hansen et al., 2008) .
PRC1 may also function independently of PRC2 and H3K27me3 in some cases. PHO, a protein that binds to many PREs (Brown et al., 1998; Klymenko et al., 2006; Mihaly et al., 1998) can directly contact and recruit a recombinant PRC1-class complex in vitro (Mohd-Sarip et al., 2005) . Some PcG binding sites lose PRC1 components when PRC2 components are reduced, but others do not (Wang et al., 2004b) , and H3K27me3 does not always colocalize with PcG binding . In mouse embryos, PRC1 is targeted to heterochromatin in the paternal genome independent of PRC2 and H3K27me3 (Puschendorf et al., 2008) and to the imprinted locus Kcnq1 independent of Ezh2 .
The focus on H3K27me3 and histone modification in general as the principle means by which chromatin may transmit epigenetic memory through replication implicitly assumes that chromatin proteins other than histones dissociate during the biochemical process of DNA replication. To test this idea, we examined the effect of DNA replication on the association of PRC1-class PcG protein complexes with chromatin and naked DNA in vitro.
RESULTS

Inhibition of Chromatin Remodeling by PCC Is Preserved through Chromatin Replication In Vitro
To test the effect of DNA replication on PRC1 core complex (PCC)-bound chromatin, we used the well characterized cellfree Simian Virus 40 (SV40) DNA replication system (Li and Kelly, 1984; Stillman and Gluzman, 1985) . The SV40 protein large T-Antigen (TAg) binds specifically to the replication origin of SV40 viral DNA or to plasmids containing this sequence to initiate bidirectional DNA replication. TAg and PCC were sequentially bound to chromatin templates containing the SV40 origin, and S100 cytoplasmic extracts were added to initiate DNA replication (templates and proteins are described in Figure S1 available online). DNA replication was monitored by a 32 P-dATP incorporation ( Figure 1A ). An aliquot of each replication reaction was used in a restriction enzyme accessibility assay (Francis et al., 2001; Logie and Peterson, 1997; Polach and Widom, 1995) . In this assay, chromatin remodeling by hSwi/Snf increases restriction enzyme accessibility, and this effect is blocked by PCC (Francis et al., 2001 ). All of the experiments reported here were carried out with Drosophila PCC containing PSC, dRING, and Pc; in some experiments, Ph was included (PCC + Ph). Although the original studies with PCC were carried out with the four-protein complex, in our previous work and in these studies, complexes with and without Ph behaved identically (Francis et al., 2001 Lavigne et al., 2004) .
When PCC was bound to chromatin before replication, less chromatin remodeling occurred on replicated templates than in reactions without PCC ( Figures 1B and 1C ). This effect is dose dependent and occurs over a similar range, as previously described for inhibition of chromatin remodeling (partial inhibition is observed at one complex for 3-5 nucleosomes, or approximately five PCCs per plasmid). In these experiments, both PCC and nucleosomes are likely above their K D for interaction, and nucleosomes are in excess of PCC, but PCC is in excess of plasmids (see Figure S2 for further explanation). When PCC is added with the replication extracts instead of prebound to chromatin (indicated as ''WE'' in figures), inhibition of chromatin remodeling is not observed, suggesting that binding of PCC to chromatin is prevented in extracts. Thus, chromatin templates bound to PCC prior to DNA replication behave as though PCC is bound after DNA replication in that they are refractory to chromatin remodeling.
PCC-Bound Templates Are Completely Replicated
Our results suggest that PCC, or its effect on chromatin, is preserved through DNA replication. Alternatively, PCC-bound templates may be partially replicated and PCC bound to unreplicated segments. This possibility was of particular concern because PCC inhibits replication in a dose-dependent manner ( Figure S3 ). If PCC blocks passage of DNA replication forks, then PCC-bound templates should generate partially replicated products, but if PCC inhibits replication initiation, then fewer products should be generated in reactions with PCC bound to the template, but they should be full length. We used three assays to determine whether full-length replication products are produced from PCC-bound templates (Figure 2 ). Under our replication conditions, chromatin replicates about three times less efficiently than naked DNA. To increase chromatin replication, we used a fraction from Xenopus extracts that contains high levels of the histone chaperone nucleoplasmin (referred to as NPE-1000) (Figures S4 and S5) in some of our experiments.
The restriction enzyme DpnI can distinguish replicated from unreplicated DNA. DpnI digests DNA that is adenine-methylated in its recognition site (GA'TC). Plasmids used in these experiments were propagated in bacteria and therefore are fully methylated at their 26 DpnI sites. Hemimethylated DNA in which one strand is methylated and the other is not is digested 60-fold more slowly than methylated DNA (Sanchez et al., 1992) . Replicated DNA is hemimethylated and DpnI resistant. DpnI-resistant, fulllength products were observed (Figures 2A and S6A ) whether or not PCC was prebound to the chromatin and from reactions carried out on naked DNA templates ( Figure S6D ).
As a second test for full-length replication products, replicated plasmids were digested into three fragments, one of which contains the SV40 origin of replication. If replication initiates but fails to complete, then incorporation of a 32 P-dATP should occur preferentially near the origin (fragment 1 in Figure 2B ). The ratio of actual to expected incorporated a 32 P-dATP was close to 1 for each fragment for both naked DNA and chromatin, implying that the entire plasmid was replicated ( Figures 2B, 2D , S6B, S6C, S6E, and S6F). Fragments 2 and 3 were consistently overrepresented in reactions from chromatinized but not naked DNA templates (compare Figure 2D with S6F). We do not understand this result, but note that the ratio of incorporation into the three fragments is not altered by PCC. As a third test for partial replication products, denaturing gels were used to separate the nascent and template DNA strands (Figures 2C and 2E) . Large products were observed in both the presence and absence of PCC ( Figure 2C , lanes 3-6), but when aphidicolin was added to Figure 2E ). Some partial replication products are detected in these assays, particularly from chromatin templates, but they are not increased when PCC is added. We conclude that PCC effects on chromatin persist through DNA replication in vitro.
PCC Remains Bound to Replicated Chromatin and DNA
To test whether PCC is bound to replicated templates, we first characterized binding of PCC to DNA and chromatin by sucrose gradient sedimentation. Chromatinized plasmids bound to PCC sediment further into sucrose gradients than unbound ones ( Figures S7A and S7B ). Binding was not disrupted by competitor chromatin, indicating that it is stable under these conditions. A 2-fold higher concentration of PCC was required to shift naked DNA than chromatin in the gradient, but DNA binding was also stable to competitor challenge ( Figures 7C and S7D ). These results suggest that once PCC is bound to a template, it remains bound over the time scale relevant for in vitro DNA replication.
To determine whether replication dissociates PCC from chromatin, we separated PCC-bound and unbound templates by sucrose gradient sedimentation after DNA replication in vitro (Figure 3 ). Fractions were analyzed by agarose gel electrophoresis; total DNA was analyzed by SYBR gold staining, and replicated DNA by a 32 P-dATP incorporation. When PCC was bound to chromatin before addition of replication extracts, both replicated and total chromatin sedimented further in the gradient than unbound chromatin ( Figures 3A-3C ). PCC also cosediments with chromatin templates ( Figure S8B ). Little evidence for release of PCC from chromatin (which would cause more of the radiolabeled DNA to sediment in upper fractions) was observed. In contrast, when PCC is added with the replication extract, both replicated and unreplicated chromatin sediment like unbound chromatin ( Figures 3A-3C ).
For confirmation that that PCC-bound templates were completely replicated and peak gradient fractions were pooled and analyzed with DpnI. Full-length replication products were observed in fractions containing putative PCC-bound chromatin (lane 4 in Figure 3D and lane 2 in Figure 3E ). These observations were confirmed with mini sucrose gradients (Figures S9A and S9B) .
Replication reactions using naked DNA as a template were also fractionated by sucrose gradient sedimentation, and again full-length, DpnI-resistant replication products were observed in peak fractions irrespective of PCC addition ( Figures S9C,  S9D , and S10). In the experiments with naked DNA, we sometimes observed a small peak of replicated DNA sedimenting in the position of unbound templates, suggesting that PCC is released from some templates during replication.
PCC Can Be Crosslinked to Replicated Templates
As a second test for PCC binding to chromatin after DNA replication, we used biotinylated PCC to precipitate PCC-bound templates ( Figure S1E ). Replication reactions were crosslinked with formaldehyde, and biotinylated PCC-bound chromatin was recovered with streptavidin-coated beads. A substantial fraction of both total and replicated chromatin was retained on the beads when templates were prebound with PCC ( Figures 4A and 4B) , implying that PCC remains bound to both replicated and unreplicated chromatin. A greater fraction of total than replicated chromatin was retained on the beads, suggesting that PCC can dissociate during replication ( Figure 4B ). This difference is significant for low but not high concentrations of PCC, and may be overestimated since templates with fewer PCC bound are more likely to replicate but less likely to be captured by streptavidin-coated beads. Only a fraction of PCC is captured under our conditions, which likely explains capture of only part of the template ( Figure S11 ).
When naked DNA was used as the template for replication reactions, PCC could also be crosslinked to replicated and unreplicated templates (Figures 4C and 4D) . A lower fraction of replicated than total DNA was captured when naked DNA was used as the template (compare Figures 4A and 4C) , suggesting that nucleosomes help stabilize PCC on replicated or replicating templates. When PCC is added with replication extracts, near background levels of chromatin or DNA are retained on the beads, consistent with the conclusion that PCC does not bind chromatin or DNA under these conditions (Figures 4A and 4C lane 4). Bound and unbound replicated DNA was also digested with DpnI to confirm that PCC-bound chromatin and DNA can be fully replicated ( Figures 4A and 4C , bottom panels). We conclude that when PCC is bound to chromatin or naked DNA before DNA replication, it is bound after DNA replication.
PCC Does Not Transfer among Templates during DNA Replication PCC is bound to replication products only if it is bound to the template prior to addition of replication extracts. The simplest explanation for this is that PCC is transferred to newly replicated chromatin without being released into solution, since if it was released even transiently, our data predict that it would not be able to rebind. We carried out two types of experiments to address whether PCC can transfer among DNA molecules during DNA replication.
We used naked DNA without a replication origin as a competitor to capture any PCC that was released during DNA replication. Competitor was added to replication reactions either with the replication extract or in the initial template binding step. Replication products were analyzed by sucrose gradient sedimentation ( Figures 5A and 5B ). When PCC was prebound to the template, competitor added during DNA replication had no effect on the association of replicated templates with PCC (panel 3 of Figure 5A ). However, when the same amount of competitor was added during the binding reaction, PCC bound to the competitor and not detectably to the replicating template (panel 4).
To assess whether PCC can transfer among replicating templates, we used two plasmids that differ in size but both contain replication origins. Replication reactions in which both, one, or neither plasmid were preincubated with biotinylated PCC were carried out. We found that the plasmid that was preincubated with biotinylated PCC prior to replication is preferentially retained on the streptavidin coated beads ( Figures 5C and 5D ). This was true both for replicated and unreplicated chromatin, even though more replication is observed from the plasmid that was not preincubated with PCC. These data suggest that PCC does not transfer among templates during replication in vitro.
H3Kc27me3 Chromatin Allows Replication and Transfer of PCC
In vivo, nucleosomes at or near PREs usually contain H3K27me3 Schwartz et al., 2006) . Our results indicate that once PCC is bound to chromatin (in this case, binding is driven by mass action), H3K27me3 is not required to maintain PCC through DNA replication. However, given that the Pc-H3K27me3 interaction is likely to occur at or near PREs in vivo, we wondered whether H3K27me3 would affect the replication of PCC-bound chromatin or the association of PCC with chromatin through DNA replication.
Histone octamers including histone H3 with a methyl-lysine analog (MLA) (Simon et al., 2007) at residue 27 that mimics H3K27me3 (H3Kc27me3) were assembled onto replication templates. PCC inhibits replication of H3Kc27me3 chromatin at similar concentrations as chromatin assembled with histones purified from cells ( Figures S12A and S12B) or produced in bacteria (data not shown). A slight binding preference of PCC for H3Kc27me3 chromatin over control chromatin was observed in the context of an excess of naked DNA competitor ( Figures  S12C and S12D) ; no difference in binding was detected in the absence of competitor. This is likely because both PCC and nucleosomal templates are many fold above their K D in these experiments. Thus, it remains possible that there is a larger effect of H3Kc27me3 on chromatin affinity for PCC but that different conditions will be required to detect it. The MLAs may also bind less tightly to Pc than H3K27me3.
To determine whether PCC remains associated with replicated chromatin that includes H3Kc27me3 through DNA replication, we used sucrose gradient sedimentation to separate bound and unbound templates after replication (Figure 6 ). PCC remains associated with H3Kc27me3 templates through DNA replication. Thus, although H3K27me3 is not required for maintenance of PCC complexes during DNA replication in vitro, this more physiological substrate permits both DNA replication and maintenance of PCC. (C) Precipitation of chromatin after replication of mixtures of PCC-bound and unbound plasmids. In each reaction, one, both or neither plasmid was prebound with PCC as indicated. The plasmids were mixed when the replication extracts were added. The replicated DNA pellet samples were exposed for longer than the supernatant. For reaction 2, the amounts of replicated pG and pS in the bound fraction appear to be similar, but the fraction of the replicated templates that is bound indicates preferential binding of pG.
(D) Summary of mixed plasmid experiments. Asterisks indicate cases where the fraction of replicated DNA that is precipitated with biotinylated PCC is significantly lower than the fraction of total DNA (p < 0.05, two-tailed student's t test).
PcG Proteins Are Bound to Chromatin during S Phase and to Newly Replicated DNA In Vivo Our data predict that PcG proteins are present on chromatin throughout DNA replication. Although the methods to directly test this in vivo are not yet available, we wondered whether we could detect PcG proteins on newly replicated chromatin. We synchronized Drosophila S2 cells at G1/S using a double thymidine block (Jackman and O'Connor, 2003) and then released them into media containing Bromodeoxyuridine (BrdU). Aliquots of cells were collected every 10 min as the cells proceeded through S phase and were used to analyze BrdU incorporation, PcG protein binding, and colocalization of PSC and BrdU at three PREs in the Bithorax complex (BX-C) homeotic gene cluster ( Figure 7C ). We found that levels of PSC and Pc at the three PREs are fairly constant in cells undergoing S phase (Figures 7D and 7E) . In control ChIPs without antibody, little PRE DNA was recovered, and little DNA corresponding to a previously characterized PcGnegative heterochromatin region was recovered with antibodies to PSC or Pc ( Figures 7D and 7E ) . BrdU incorporation indicates that the BX-C is replicated within 90 min of release from the thymidine block, with the bulk of BrdU incorporation occurring between 20 and 60 min (Figures 7F-7H ). To monitor PcG protein binding to replicated DNA, we carried out chromatin immunoprecipitation (ChIP) for PSC followed by immunoprecipitation with antibodies to BrdU (BrdU-IP). The enrichment of PSC-BrdU exactly follows the pattern of BrdU incorporation at the three PREs over the time course of replication ( Figures 7F-7H, left panels) . The specificity of the BrdU-IP is indicated by the low level of DNA recovered from chromatin harvested before addition of BrdU (''pre-BrdU'') or at the start of the time course (time = 0). We conclude that PSC is bound to DNA during or shortly after replication of DNA, although the time scale of these experiments would not detect rapid dissociation and rebinding.
We monitored PSC association with BrdU-labeled DNA out to 4 hr after release from the block. Interestingly, the level of PSC associated with BrdU-labeled PRE DNA continues to increase after replication of these sequences is complete ( Figures 7F-7H , right panels). These data are consistent with a model in which PSC bound before DNA replication is maintained on the daughter templates, and additional PSC is added after replication to restore the full complement required for silencing, although higher-resolution methods will be needed to confirm this.
DISCUSSION
We examined the effect of DNA replication on the association of PRC1-class complexes with chromatin and DNA using a cellfree system. Our principle finding is that PRC1-class complexes bound to chromatin or DNA remain associated during DNA replication in vitro. These results suggest that transfer of chromatin regulatory proteins may be a mechanism for epigenetic inheritance through cell division.
How Is PCC Retained on Replicating Templates? Our data suggest that PCC is not released into solution during passage of the DNA replication fork. Furthermore, nucleosomes facilitate PCC binding to and retention on templates, but are not essential for either. The finding that PCC can be maintained on either chromatin or naked DNA is interesting in light of the finding that PREs are sites of rapid histone turnover and can be depleted of nucleosomes (Mishra et al., 2001; Mito et al., 2007; Papp and Muller, 2006) .
One model for the transfer of PCC during DNA replication is that the complex remains in direct contact with DNA during passage of the DNA replication fork. Contacts between PcG proteins and nucleosomes or DNA could be disrupted in front of the replication fork, but replaced by contacts with nucleosomes or DNA behind the replication fork. This mechanism has been proposed for transfers of histone-DNA contacts during replication and transcription in vitro (Bonne-Andrea et al., 1990; Clark and Felsenfeld, 1992; Studitsky et al., 1994) . PCC can likely contact multiple nucleosomes or a long stretch of DNA Mohd-Sarip et al., 2006) , which may allow the complex to remain on chromatin when some template contacts are disrupted. A second model is that PCC interacts with the replication machinery, either directly or through intermediary factors. These interactions could retain PCC near DNA during replication, even if direct DNA contacts are disrupted, allowing rapid rebinding of PCC to newly replicated chromatin. Consistent with this idea, several chromatin-modifying proteins can interact with components of the DNA replication machinery (Groth et al., 2007; Kohn et al., 2008) .
PCC Inhibits DNA Replication In Vitro
The inhibition of DNA and chromatin replication by PCC in vitro raises the question of how PcG-bound regions are replicated if PRC1-class complexes are indeed continuously bound. If PCC inhibits replication initiation but not elongation, as our results suggest, then PRC1-class complexes would limit replication only if they were bound near replication origins.
Intriguingly, targeting of Pc to a replication origin in Drosophila that mediates developmental chorion gene amplification in follicle cells decreased gene amplification (Aggarwal and Calvi, 2004) and PcG-silenced regions of polytene chromosomes (such as Hox gene clusters) are underreplicated, although this involves additional genes such as Suppressor of DNA Underreplication (Moshkin et al., 2001; Marchetti et al., 2003) .
How Might Retention of PCC through DNA Replication Contribute to Heritable Transcriptional Silencing? Reduction of PcG protein levels leads to reactivation of their target genes, suggesting that these genes are continuously susceptible to transcriptional activation (see for example Beuchle et al., 2001; Breiling et al., 2001; Cao et al., 2002; Wang et al., 2004b) . It may therefore be important that PRC1-class complexes, which can directly repress transcription (King et al., 2002) , maintain constant association with genes marked for silencing.
We were surprised to find that H3K27me3 is not essential for maintaining PRC1-class complexes through DNA replication in vitro. It is possible that retention of parental PRC1-class complexes and recruitment of new complexes are mechanistically distinct because we do not find evidence for recruitment of new PCC during replication, and our in vivo data suggest that PSC is present on newly replicated chromatin but that additional PSC is recruited after replication. This may be similar to histone proteins in that it is thought that parental histones are transferred randomly to the two daughter strands, followed by deposition of new histones by replication-coupled assembly complexes (reviewed in Groth et al., 2007) . Our in vivo data raise the possibility that recruitment of new PRC1 is not directly coupled to DNA replication; perhaps it involves H3K27me3.
In our experiments, PCC interacts with chromatin through mass action, but in vivo, PRC1-class complexes are specifically targeted to PREs. We hypothesize that the stable association of PCC with chromatin that we observe here reflects how the complex could behave once it is recruited to a PRE, but it will be important to test this mechanism in a system where PCC is targeted.
In conclusion, the ability of parental PCC to be transferred to daughter chromatin may help explain how PcG-mediated repression established by transiently acting factors can be propagated through cell generations. Our data also suggest that maintenance of chromatin regulatory proteins through DNA replication might be an important mechanism of epigenetic inheritance.
EXPERIMENTAL PROCEDURES
Chromatin Templates
The HindIII-AvrII fragment of pSVO11+ (Stillman and Gluzman, 1985) was cloned into pG5E4 (Utley et al., 1998) to produce pG5E4-SVO, which includes the SV40 origin flanked by five 5S nucleosome positioning sequences on each side. Plasmids were assembled into chromatin by salt gradient dialysis with histones purified from HeLa cells or prepared with H3Kc27me3 MLAs (Carruthers et al., 1999; Schnitzler, 2001; Sif et al., 2001; Simon et al., 2007) in the presence of Topoisomerase I ( Figure S1 ).
Proteins PCC was prepared as described; all stated concentrations refer to active concentration (Francis et al., 2001; Lavigne et al., 2004) . TAg was prepared by immunoaffinity chromatography (Lanford, 1988) . Labeling of PCC with maliemide-biotin, Cy5, or Cy3 was carried out in BC300N (20 mM HEPES, 0.2 mM EDTA, 300 mM KCl, 20% Glycerol, 0.05% NP40) (pH 7.2) for 5 min at room temperature. Reactions were stopped with b-mercaptoethanol; free label was removed by spin-column chromatography and proteins dialyzed back into BC300N (pH 7.9). S100 extracts for replication were prepared from HeLa cells (Abmayr et al., 2006) .
Xenopus laevis Nucleoplasmic Extract Preparation and Fractionation
Nucleoplasmic extract (NPE) (Walter et al., 1998 ) was bound to a Q-sepharose column in 150 mM NaCl and eluted at 350 and 1000 mM NaCl. The 1000 mM NaCl eluate (NPE-1000) was desalted, concentrated, and used to stimulate replication.
Replication Reactions
Replication was carried out essentially as described (Stillman and Gluzman, 1985) except that TAg was prebound for 20 min at 37 C, followed by binding of PCC for 15 min at 30 C. Replication extract with NTPs and dNTPs was then added for 2 hr at 30 C. Replication reactions were stopped with 1% SDS and 0.1 M EDTA, digested with Proteinase K and RNase A, and either analyzed on agarose gels or phenol-chloroform extracted, ethanol precipitated, and digested with restriction enzymes.
Restriction Enzyme Accessibility Assay for Inhibition of Chromatin Remodeling After DNA replication, 1 ml of the replication reaction was used in a 40 ml remodeling reaction as described (Francis et al., 2001 ).
Sucrose Gradient Sedimentation
Sucrose gradients were prepared by layering sucrose solutions of 10% increments made in BC buffer with 150 mM KCl and sucrose in place of glycerol from 80%-30% for chromatin or 70%-30% for naked DNA. For minigradients, layers were 80%, 40%, 20% for chromatin and 80%, 60%, 40%, and 20% for naked DNA. Gradients were centrifuged in a TLS-55 rotor in an Optima table top ultra centrifuge (Beckman Coulter) at 55,000 rpm for 60-90 min for large gradients, and 40,000 rpm for 45-75 min for small gradients.
Crosslinking and Precipitation with Biotinylated PCC
Completed replication reactions were crosslinked with formaldehyde. Chromatin was pelleted by centrifugation, washed, resuspended, and bound overnight to streptavidin-coated Dynabeads (M-280, Invitrogen). Crosslinks were reversed, and DNA was purified, digested with restriction enzymes, and analyzed on agarose gels.
Synchronization of Drosophila S2 Cells and Chromatin
Immunoprecipitation Drosophila S2 cells (obtained from the American Type Culture Collection) were synchronized by double block with 2 mM Thymidine (Sigma) according to the following scheme: 10 hr block-6 hr release-8 hr block. After the second block, cells were transferred to thymidine free, BrdU-containing media. At each time point, cells were fixed and frozen; cell pellets were processed for ChIP according to standard protocols (based on protocols from Upstate Biotechnology) (Kind et al., 2008; Rastegar et al., 2004; Schwartz et al., 2005) . Anti-Pc antibody for ChIP was a gift from J. Mü ller (European Molecular Biology Laboratory, Heidelberg) ; anti-PSC was prepared for this study. Purified DNA was analyzed by real-time PCR. Anti-BrdU immunoprecipitiations (BrdU-IP) were carried out according to Azuara (2006) . For single BrdU-IP, crosslinks were reversed, and DNA was purified and used for BrdU-IP. For PSC-BrdU double ChIP experiments, ChIP eluates were used after crosslink reversal and DNA purification.
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